Preparation of (2S,4R)-4-ethyl-L-proline was based on the aldol condensation of protected pyroglutamate 8 with acetaldehyde (Scheme S2) [6] . The resultant diastereomeric mixture of the alcohols 9 was dehydrated to give predominately the E-isomers of the 4-alkylidenepyroglutamate 10 [6] . The mixture of both 4-alkylidenepyroglutamates 10 was hydrogenated using Pd on carbon, affording exclusively the cis-3,5-substituted 2-pyrrolidone 11a [7] . The inversion of configuration at C-4 of 11a was again achieved by the recently reported procedure [5] using DBU in CH 2 Cl 2 , which gave the key intermediate of the target compound -trans-3,5-substituted 2-pyrrolidone 11b. A chemoselective, two-step reduction [8] of 11b followed by acidic hydrolysis led to the final (2S,4R)-4-ethyl-L-proline (13). 
Chemicals
Solvents and reagents were purchased from Sigma-Aldrich and used without further purification. Compounds 2, 3a, 3b, 4, 5 and 8 were prepared as reported previously, [2, 3, 6] compound 8 was prepared from 2 [9] . Compound 11a was prepared from 10 following a reported procedure [7] .
(2S,4R)-4-Propyl-L-proline (7). Compound 5 (830 mg, 2.403 mmol) was dissolved in ethyl acetate (20 mL), Pd on carbon (110 mg; 10% w/w) was added and the resulting suspension was stirred under hydrogen for 12 h. The reaction mixture was filtered through Celite, the filtrate was evaporated and the crude carboxylic acid 6 was treated with 2 N HCl (1 mL) in EtOAc (30 mL) at 20°C for 1 h. The solvent was removed under reduced pressure and the crude solid was crystallized from a CH 2 Cl 2 /ethyl ether mixture to give 7a as a colorless solid (290 mg, 62%).
Hydrochloride 7a (290 mg, 1.497 mmol) was dissolved in MeOH (5 mL), treated with NH 3 (2 mL, 2 M solution in MeOH) and stirred for 10 min. The solvents were removed under reduced pressure and the evaporated residue was purified by chromatography on Avicel ® PH-101 (CH 3 CN/H 2 O/NH 4 OH 100:15:1). Fractions containing pure 7b were collected, evaporated, and the oily residue was precipitated by the addition of diethyl ether to give 7b (201 mg, 86%) as a white amorphous solid. The reaction mixture was stirred for 1 h at -78°C, quenched with saturated NH 4 Cl solution (150 mL), and extracted with ethyl ether (3 × 75 mL). The combined organic phases were dried over Na 2 SO 4 , filtered, and evaporated to dryness. The crude mixture of aldols 9 was used without further purification in next reaction step. The aldol mixture 9 was dissolved in CH 2 Cl 2 (100 mL), cooled to 0°C and treated with methanesulfonyl chloride (2.68 mL, 34.4 mmol) and triethylamine (36 mL, 344 mmol). The resulting solution was stirred at 0°C for 30 min and then 2 days at room temperature, then it was evaporated to dryness, re-dissolved in a hexane/ethyl acetate mixture (100 mL, 1:1, v/v) and the precipitate formed was filtered off. The filtrate was evaporated and the reaction mixture was purified by flash chromatography (hexane/ethyl acetate 7:3) affording alkylidenepyroglutamate 10 (2.4 g, 36.7%) as a slightly yellow oil. 
tert-Butyl (2S,4R)-L-(tert-butoxycarbonyl)-4-ethyl-pyroglutamate (11b).
The solution of pyroglutamate 11a (2.2 g, 7.020 mmol) in CH 2 Cl 2 (50 mL) was cooled to 0°C, DBU (3.75 mL, 25.076 mmol) was added and the resulting mixture was stirred for 1 h at 0°C and then for 48 h at room temperature. The reaction mixture was washed with a 0.1 M solution of HCl (2 × 50 mL), then with a saturated solution of NaHCO 3 (50 mL) and finally with water (50 mL). The organic layer was dried over anhydrous Na 2 SO 4 , evaporated and purified by flash chromatography (hexane/ethyl acetate 5:1) yielding 11b (1.2 g, 55%) as a colorless oil. 1 H NMR (CDCl 3 , 30°C): 0.955 (3 H, t, J = 7.5, 3 × H-2'), 1.418 (1 H, m, H-1'u), 1.477 (9 H, s, O-t-Bu), 1.507 (9 H, s, N-Boc), 1.922 (1 H, ddd, J = 13.2, 11.4, 9.7, H-3u),  1.924 (1 H, m, H-1'd), 2.117 (1 H, ddd, J = 13.2, 8.7, 1.6, H-3d), 2.527 (1 H, m, H-4 The reaction was quenched with saturated aqueous NaHCO 3 (2.5 mL) and warmed to 0°C. H 2 O 2 (7 drops, 30% w/w) was added, and the mixture was stirred at 0°C for 20 min. The organic solvent was then removed in vacuo, and the aqueous layer was extracted with CH 2 Cl 2 (3 × 10 mL). The combined organic layers were dried over Na 2 SO 4 , filtered, and concentrated. The crude reaction mixture was used without further purification and dissolved in CH 2 Cl 2 (20 mL). After the addition of triethylsilane (0.29 mL, 1.864 mmol) the mixture was cooled to -78°C. Boron trifluoride etherate (0.248 mL, 2.039 mmol) was added dropwise under argon. A second portion of triethylsilane (0.29 mL) and boron trifluoride etherate (0.248 mL) were added after 30 min, allowing the reaction to reach room temperature. The reaction mixture was stirred at room temperature for 30 min, then was the reaction quenched with saturated aqueous NaHCO 3 (5 mL), extracted with CH 2 Cl 2 (3 × 10 mL), and dried over Na 2 SO 4 . Evaporation of the solvent and purification by flash chromatography (hexane/ethyl acetate 4:1) yielded L-proline tert-butyl ester which was hydrolyzed for 2 h at 85°C with 6 N HC1 (20 mL). The resulting solution was evaporated to dryness, and the solid was crystallized from CH 2 Cl 2 /diethyl ether affording pure 13 (192 mg, 58%). The hydrochloride of 13 (192 mg, 1.068 mmol) was neutralized to "free base" 13 (142 mg, 93%) by the same procedure described for 7. 1 H NMR (DMSO, rt): 0.834 (3 H, t, J = 7.4 Hz, 3 × H-2'), 1.323 (2 H, m, 2 × H-1'), 1.707 (1 H, ddd, J = 12.6, 6.9, 3.9 Hz, H-3u), 1.939 (1 H, m, H-4), 2.126 (1 H, ddd, J = 12.6, 9.3, 9.3 Hz, H-3d), 2.642 (1 H, dd, J =11.3, 9.5 Hz, H-5u), 3.369 (1 H, dd, J = 11.3, 7.1 Hz, H-5d), 3.800 (1 H, hidden under water, H-2), 7.398 (2 H, s, NH + OH).
13 C NMR (DMSO, rt): 12.79 (C-2'), 25.00 (C-1'), 34.91 (C-3), 39.04 (C-4), 50.31 (C-5), 60.61 (C-2), 171.12 (C=O). MS (ESI): m/z 166.1 (M + Na + ).
